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(57) ABSTRACT 

A color display element using a medium having optical 
properties modulated by an external modulation means is 
characterized in that the medium has a brightness modula 
tion range Where a brightness is changed by the modulation 
means and a color modulation range Where a color is 
changed by the modulation means, the color display element 
has a unit pixel comprised of a plurality of sub-pixels 
including a ?rst sub-pixel and a second sub-pixel having a 
color ?lter, and the modulation means gives modulation of 
the color modulation range to the ?rst sub-pixel to display 
colors Within the color modulation range, and gives modu 
lation of the brightness modulation range to the second 
sub-pixel to display brightness of the color of the color ?lter 
Within the brightness modulation range, Whereby provides a 
color display. 
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FIG. 1 
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FIG. 5 
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FIG. 8 

87 

89 

88 



Patent Application Publication Mar. 16, 2006 Sheet 8 0f 18 US 2006/0055713 A1 

FIG. 9 

CHROMATICITY DIAGRAM 
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FIG. 1 1 
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FIG. 12 
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FIG. 13 



Patent Application Publication Mar. 16, 2006 Sheet 13 0f 18 US 2006/0055713 A1 
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FIG. 15 
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COLOR DISPLAY ELEMENT, METHOD FOR 
DRIVING COLOR DISPLAY ELEMENT, AND 

DISPLAY APPARATUS HAVING COLOR DISPLAY 
ELEMENT 

TECHNICAL FIELD 

[0001] The present invention relates to a color display 
element capable of providing multi-color display, a method 
for driving a color display element, and a display apparatus 
having a color display element. 

BACKGROUND ART 

[0002] Flat panel displays are currently Widely used in 
various kinds of monitors for personal computers and the 
like, display elements for cellular phones and the like, and 
are expected to come into Wider use than ever, including 
intended dissemination for use in large screen televisions in 
future. Among them most prevalent are liquid crystal dis 
plays, and it is a color display mode called a micro-color 
?lter mode that is Widely used as a color display mode in the 
liquid crystal display. 
[0003] The micro-color ?lter mode is such that one pixel 
is divided into at least three sub-pixels, and a color ?lter of 
three primary colors of red (R)/green (G)/blue (B) is formed 
for each pixel to provide full color display, and it has an 
advantage that a high level of color reproducibility can 
easily be achieved. On the other hand, the micro-color ?lter 
has a disadvantage that the transmittance decreases by a 
factor of 3, and light usage ef?ciency is thus reduced. The 
reduction in light usage ef?ciency causes an increase in 
poWer consumption of back light of transmission liquid 
crystal display apparatus and front light of re?ection liquid 
crystal display apparatus. 

[0004] Recently, trans?ective liquid crystal elements With 
some areas of a display element being light re?ecting areas 
and other areas being optically transparent areas have been 
Widely used in cellular phones and portable information 
terminals. Such portable type electronic apparatus is often 
used outdoors, and is thus required to ensure suf?cient 
visibility even under very bright external light and ensure a 
high level of contrast and color reproducibility even in a 
dark room. 

[0005] In addition, in recent years, some display elements 
excellent in visibility compared to liquid crystal display 
elements have been reported as electric paper displays. 
Many of them use no polariZing plates for achieving bright 
display. In these display elements, hoWever, bright display 
has been achieved for monochromatic display, but color 
display must rely on the color ?lter as in the case of the 
liquid crystal display, and it is still impossible to achieve 
color display With a level of brightness equivalent to that of 
paper. 

[0006] Liquid crystal display apparatus of ECB type (elec 
trically controlled birefringence effect type) is knoWn as 
color liquid display apparatus using no color ?lter. The 
ECB-type liquid crystal display apparatus has a liquid 
crystal cell having a liquid crystal held betWeen a pair of 
substrates and in the case of the transmission type, polariZ 
ing plates are placed on the front surface side and the back 
surface side of the liquid crystal cell, respectively, and in the 
case of the re?ection type, a single polariZing plate type in 
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Which a polariZing plate is placed on only one substrate, or 
a double polariZing plate type in Which polariZing plates are 
placed on both substrates and re?ecting plates are provided 
outside the polariZing plates is available. 

[0007] In the case of transmission ECB-type liquid crystal 
display apparatus, linearly polariZed light incident through 
one polariZing plate is changed into light With each Wave 
length light being elliptical polariZed light having a different 
polariZation state by a birefringent action of a liquid crystal 
layer in the process of passage through a liquid crystal cell, 
the light enters the other polariZing plate, and light passing 
through the other polariZing plate becomes colored light 
having a color according to the ratio of light intensity of each 
Wavelength light comprising the light. 

[0008] The ECB-type liquid crystal display element colors 
light utiliZing a birefringent action of a liquid crystal and a 
polariZation action, in Which absorption of light by a color 
?lter does not occur, and therefore the light transmittance 
can be increased to obtain bright color display. In addition, 
since birefringent characteristics of a liquid crystal layer 
vary depending on voltages, colors of transmitted light 
and/or re?ected light can be changed by controlling the 
voltage applied to a liquid crystal cell. By utiliZing this, a 
plurality of colors can be displayed With the same pixel. 

[0009] FIG. 1 shoWs a relation betWeen a birefringent 
amount (called retardation R) of the ECB-type display 
element and coordinates on a chromaticity diagram. It can be 
understood that it remains achromatic in almost the center of 
the chromaticity diagram as long as R is in the range of 0 to 
approximate 250 nm, but if R exceeds this range, color 
changes depending on the birefringent amount. 

[0010] If a material having a negative dielectric constant 
anisotropy (expressed by A6) is used as a liquid crystal, and 
it is oriented vertically to the substrate When no voltage is 
applied, liquid crystal molecules are leaned With the voltage 
and accordingly, the birefringent amount (called retardation) 
of the liquid crystal increases. 

[0011] At this time, the chromaticity changes along the 
curve of FIG. 1 under crossed Nicol. When no voltage is 
applied, R equals almost 0, and therefore no light is trans 
mitted to provide a dark state (black state), but as the voltage 
increases, the brightness level increases in such a manner 
that the color changes from black to gray to White. If the 
voltage is further increased, light gains a color, and the color 
changes from yelloW to red to purple to blue to yelloW to 
purple to sky blue to green. 

[0012] In this Way, the ECB-type display element can 
change the brightness betWeen the highest brightness and the 
loWest brightness With voltages in a modulation range on the 
loW voltage side, and can change a plurality of colors With 
voltages in a higher voltage area. 

[0013] Further, as shoWn in FIG. 1, colors obtained by 
retardation are substantively loW in purity compared to 
colors With maximum purities at the outer edge of the 
chromaticity diagram. For compensating the loW purity, a 
color ?lter is taken With the retardation, as disclosed in 
Japanese Patent Application Laid-Open No. 4-52625, so that 
the purity of color of an ECB display can be enhanced by 
passing through such a color ?lter of the same color. In this 
prior art, color ?lters of red colors and yelloW colors are 








































